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ABSTRACT 
DNA, RNA, and protein synthesis of a pigment cell line in culture were studied by 
autoradiography using H3-thymidine, H3-uridine, H3-leucine, and I-P-tyrosine. The pig-
mented cells (group I, II) synthesized DNA and RNA to the same extent as the nonpig-
mented ones. This finding indicates that pigmented cells proliferate and metabolize as 
actively as nonpigmented ones. The uptake of H 3-leucine which repre ented a nonspe-
cific protein synthesis was less, and that of H 3-tyrosine which included melanin synthesi 
as well as protein synthesis was more in the pigmented cells than in the nonpigmented 
ones. The cells packed with melanin granules (group III) showed minimal amounts of 
DNA, RNA, and protein synthesis, but they incorporated H 3-tyrosine as actively a the 
other cell types, indicating active melanin synthesis. The heavily pigmented cells were 
nonproliferating and specialized in melanin synthesis. Some evidence of the protective 
effects of melanin granules against the damaging effects of UVL was shown. Puromycin in-
hibited the uptake of H 3-leucine by both pigmented and nonpigmented cells, and com-
pletely inhibited the uptake of I.P-tyrosine by the nonpigmented cells. The pigmented 
cells, however, incorporated H 3-tyrosine in the presence of puromycin. The incorporated 
H 3-tyrosine was not removed by digestion with trypsin and pronase. These results suggest 
that the uptake of H3-tyrosine in the presence of puromycin was due to melanin synthesis. 
The pigmented cells which showed peripheral localization of melanin granules and a clear 
perinuclear zone devoid of melanin granules were not labeled with H 3-tyrosine in the 
presence of puromycin, in contrast to heavy labeling of t hose showing diffuse distribution 
of melanin granules. This fact indicates the existence of the active and inactive phase of 
melanin synthesis in the life cycle of these cells. 
Cell division and DNA synthesis of the 
melanocytes have not been demonstrated with 
certainty in normal epidermis, although they 
have been observed in hyperplastic epidermis (1) , 
in the common wart (2), after ultraviolet irradia-
tion (3), and in wound healing (4, 5). The 
existence of amelanotic melanocytes in the 
epidermis is well known; the population of tyro-
sinase-inactive melanocytes has been shown to be 
approximately equal to that of the active ones (6) . 
Increased pigmentation of skin exr·osed to 
sunlight or UVL is generally attributed to an 
increase in the number of melanocytes, caused by 
cell division and the conversion of inactive or 
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amelanotic melanocytes to active or melanotic 
ones. Because of the difficulty involved in the 
identification of amelanotic melanocytes in a 
mixed cell population such as the epidermis, the 
behavior and activity of these cells have remained 
comparatively unknown. A pure strain of pig·· 
ment cells in culture offers an unique opportunity 
to study the melanocytes, with or without pig-
ment, side by side without the presence of other 
cell types. This paper reports our observations of 
DNA, RNA, and protein synthesis that occur 
in the melanocytes in vitro, and changes after UV 
irradiation. 
MATERIALS AND METHODS 
Cell line and cell cultu.re methods. The cell line 
440B used in this study was a subline of a pigment 
cell line HFH-18 (7) derived from a B16 mouse 
melanoma. 'l'he cells were propagated in Blake 
bottles in medium 199 supplemented with 10% 
fetal calf serum and subcultured every 12-14 days 
after trypsinization. For individual studies 5 X 
104 cells were seeded into a 60 X 15 mm Falcon 
plastic t issue culture dish and incubated at 37° C. 
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FIG. 1. Pigment cell line 440B. Cell of varying degree of pigmentation . Q-III shows t he representative 
cell of each grade of pigmentation. 3-day culture. Phase contrast. X 330. 
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FIG. 2. The effect of UVL on IP-thymidine 
incori_>O!ation. The culture was exposed to H 3 -
thynudme for 24 hr. after UV irradiation. C: 
control. l Y: ultraviolet irradiation. 
in a moi ..., t ure -cont rolled chamber with 5% C02 in 
ai r . All experiments were done 4- 5 days after 
snbc~tl tur \\·hen the cell vvere growing exponen-
tially. 
Uftraviol t racl1:alion. The source of ultraviolet 
light ( VL) wa. n Hanovia Aero-Kromayer lamp, 
lodel 2221 A. The intensity for the spectral 
region of 31:30 A on con a t with the front window 
wa 70,000 microwatt per sq uare centimeter. 
During irradiation the cover of t he culture dish 
and t he medium w re removed. The distance 
betw en the light sour e and cells was 10 inches . 
An exposure time of 5 ec. inhibited cell prolifera-
t ion almo t completely ( ). Each culture dish was 
divid d into two halve ; one half was irradiated, 
and he other half erved as cont rol. 
'Preatment with mclioact ive materials . In the 
study of DNA synthesis t ri tiated t hymidine 
(thymidine-methyl-H3 , New England Nuclear 
Corp. (NEN) specific activity () .7 c/ mM) was 
added at a concentration of 0.02 ,uc/ ml immedi-
ately after UV irradiation. The cultures were then 
incubated for 24 hours and fixed. In t he study of 
RNA synthesis, t ri t iated uridine (uridine-5-Ha, 
NEN, specific activity >20 c; mM) was added at a 
concentration of 1.0 ,uc/ ml 1, 8, and 24 hours after 
irradiation. The cultures were then incubated for 
30 minutes and fixed . In the study of protein 
synthesis, t ri tiated leucine (L-leucine-4, 5-Ha, 
NEN, pecific activity 30- 50 c/ mM) and tritiated 
tyrosine (L-ty rosine-3, 5-H \ NEN, specific activ-
ity >25 c/ mM) were used. The cultures were ex-
posed to 5 ,uc/ ml H 3-leucine or H 3-ty rosine for 
1 hour at 24 hours after irradiation. To in-
hibi~ protein synthesis, 100 ,ug; ml of puromycin 
(puromycin dihydrochloride, Nutritional Bio-
chemical Corporation ) was added 30 minutes 
before the addition of H 3-leucine or H 3-tyrosine 
(9) . ~ 
A u.toracliography . At the end of the isotope 
treatment t he cultures were washed with physio-
logical saline, fixed w ith methyl alcohol for 10 
minutes, and ai r dried. Representative cultures 
were t reated with DNAase (10 mg% ), RNAase (10 
mg% ), and t rypsin (0.25 0 ) and pronase (0.25% ) 
for two hours to confirm the specific incorpora-
t ion of radioactive precursor into DNA , RNA, 
and protein respectively. The culture dishes were 
dipped in Kodak NTB-2 liquid emulsion, exposed 
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FIG. 3. The effect of UVL on I-P-uridine incorporation. The cnl tnres were expo ed to H 3-uridine for 
30 min. at 1, 8 and 24 hr. after irradiation. C: control. UV: ultraviolet irradiation. Distribution of grain 
numbers of each cell groups (0-III ) are sho\\n. Note a moderate number of grain in a fe,·v group II cells 
at 8 hr. after UVL. 
TABLE I 
Mean of grain count, per cell in wllw·e.c; lab eled wilh H 3-un'dine : E.ffec f of U l ' L 
Pigmentation Control 1 hr. after UV 
8 hr. after U\' 24 hr. after UV 
(mean ± S.E.) (mean ± S.E.) (mean ± S.E.) (mean ± S.E.) 
0 83.3 ± -!.9 25.9 ± 1.9 1().5 ± 2A 5 .7 ± 5.7 
I 76.9 ± 4 .7 26.-1- ± 1.-! 27.7 ± 2.7 62.6 ± 6.9 
II 73.-! ± 4.7 2(). 0 ± 1.4 27.9 ± ~L3 56.0 ± 5.3 
rn 38.7 ± -!.9 10.7 ± 2.2 12 .2 ± 2.4 23.0 ± 3.5 
for the des ired length of time in light-pruuf box s 
containing J rierite , developed, and sta ined with 
Mayer 's hematoxylin and eosin B. 
Analysis of autorad1'ographs . According to the 
amount of their intracytoplasmic melanin granules 
the cells were g~·ouped and designated as 0 for 
nonpigmented cells, I for light ly pigmented , II 
moderately pigmented and III for heavily pig-
mented rells (Fig. 1). 
A comparison of DNA synthesis in t.he irradi ated 
and non-irradiated a reas was made by count ing 
500 cells in each area and grouping them accord-
ing to their degree of pigmentation and labeling. 
The degree of labeling w a classified as heavy , 
moderate and light. In spe imens expo. ed for tv,'o 
weeks the nuclei almost completely eovered with 
grain were classified as heavy, those that had only 
several grains as light and those with grain counts 
between heavy and light as moderate. RNA and 
protein synthesis were measured by counting the 
grains in 50 cells from each cell group of 0, I, and 
II , and 20 cells from group III. Extremely large 
cells, nHLltinuclealed cel ls, and cells m mitosis 
were umitteJ from grain counting. 
RESULT 
DN.t synthesis. With a 24-hour expo. ure to 
I-P-thymidine, 8-±.0Ci(- of the eelL- were lab led 
(Fig. 2) . The grain. were confined to the nuclei 
of the cell:-; and remoYed completely by lige tion 
with DXAa e. Cells in group~ 0, I, and II were 
labeled to about the ·~ame xtent, namely 90.8 % 
in group 0, 85.R% in I, and 86.4 0 in II. The 
inten:-Sity of labeling was equal among the three 
group of cell.·. The percentage of labeled cells in 
group III, howe\·er, was much lmver, only 37 .5 ~ . 
In general there were more labeled mall cell 
than labeled large cells. 
After UV irradiation only 40.8 o/c of the cell 
were labeled. The proportion of lightly labeled to 
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FIG. 4. The effect of UVL on the incorporation of H 3-leucine and H 3-tyrosine. The cultures were 
exposed to H3 -leucine or H 3-tyrosine for 1 hr. at 24 hr. after UV irradiation. C: control. UV: ultraviolet 
irradiation. 
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FIG. 5. The effect of UVL on the incorporation of H 3-tyrosine in the presence of puromycin. The 
culture was exposed to H 3-tyrosine for 1 hr. at 24 hr. after UV irradiation. C: control. U' : ultraviolet 
irradiation. Puromycin was added 30 min. before the addition of H 3-tyrosine. Labeling occurred only 
in the pigmented cells and the most active uptake was in group III cells. Separate grain counts in non-
irradiated group II cells with peripheral localization (II P) and diffuse distribution (II D) of melanin 
granules were made. Note the difference in II P and II D cells. 
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TABLE II 
Mean of grain counts per cell in cultures labeled with 
H 3-leucine: Effect of UVL 
Pigmentation Control 24 hr. after UV (mean ± S.E.) (mean ± S.E.) 
0 33.2 ± 1.9 19.4 ± 1. 8 
I 32.1 ± 1.8 24.2 ± 1.7 
II 26.8 ± 1.5 21.8 ± 1.6 
III 18.0 ± 1.6 15.1 ± 1.6 
TABLE III 
Mean of grain counts per cell in cultuTes labeled 
with H 3-tyTosine: Effect of UV L 
Pigmentation Contrcl 24 hr. after UV (mean ± S.E.) (mean± S.E.) 
0 46.9 ± 2.1 31.1 ± 1. 7 
I 49.3 ± 1.9 33 .8 ± 2.1 
II 54.3 ± 2.6 39.4 ± 1.9 
III 44.6 ± 4.4 29.8 ± .f. 7 
TABLE IV 
111 ean of grai n counts per cell in cultures labeled 
with H 3-tyrosine in the presence of p·urornycin: 
Effect of UVL 
Pigmentation Control 24 hr. after UV (mean ± S.E.) (mean ± S.E.) 
0 2.9 ± 0.3 1.8 ± 0.2 
I 8.1 ± 0.8 7 . 0 ± 1.0 
II 33.7 ± 4.2 20.8 ± 3.3 
IIP 13.5 ± 1. 3 -
IID 54.5 ± 6.3 -
III 77.8 ± 9.7 36.4 ± 6.2 
II P: Group II cells with peripheral distribution 
of melanin granules. 
II D: Group II cells with diffuse distribution of 
melanin granules. 
heavily labeled cells al o changed. There was an 
increase in the percentage of the former and a 
decrease in the latter. The reduction of thymidine 
uptake was particularly evident in cells of group 
0, I, and II, and less so in cells of group III. 
RNA synthesis. All cells except tho e in mitosis 
were labeled. Grains were mostly confined in the 
nucleus and were den er in the nucleolar region 
and removed completely by digestion with 
RNAase. There were no appreciable differences 
in grain counts among cells of groups 0, I, and 
II. although we did notice a tendency for the 
count to decrea~e with increa ino· pigmentation 
(Fig. 3, Table I). The cell in oToup III, however, 
bowed lower activity in RNA ynthe i . The 
mean of grain counts in cell of thi group " 'a 
le s than half that of oToup 0. One hour after 
UV irradiation, the number of oTain in cell of all 
groups decreased to one-third the number in th ir 
re pective control . Eight hour after irradiation, 
the grain count remained low, although a few 
cells, especially those in oTour II, began to show 
some uptake indicating recovery from the 
damage of UVL. With a t-te t, io'nificant dif-
ference were found between group~ 0 and I 
(0.005 > p > 0.001), and between 0 and II 
(0.01 > p > 0.005). Twenty-four hours after 
irradiation, recovery was apparent and there was 
no difference in cell of group 0, I, and II. 
Protein synthesis. In H3-leucine or H3-tyrosine 
treated culture , the grain.., were evenly di -
tributed in the cells, with a little more concen-
tration in the nuclear and perinuclear zone (Figs. 
6, 8) . Incorporation of I-P-leueine wa le in the 
cells of II and III than in those of 0 and I (Fig. 
4, Table II). The group III cell had the lowest 
uptake. The t-test showed ignificant differences 
between 0 and II (0.02 > p > 0.01) and between 
0 and III (0.001 > p). Twenty-four hour. after 
UV irradiation, leucine uptake was reduced 
generally . The reduction wa mo. t marked in the 
nonpigmented and le. in the pigmented cell 
group . . As a consequence the difference in grain 
count. in all cell groups became insignificant. 
The counts in the irradiated group III cell were 
not significantly lowered by irradiation. 
The incorporation of I-P-tyro ine wa different 
from that of H3-leucine (Fig. 4, Table III). The 
group II cell had more grains than did 0. The 
t -test showed . ignificant difference between 0 
and II (0.05 > p > 0.02). The cells of group III 
which did not actively incorporate H3-thymidine, 
H3-uridine, and H3-leucine were labeled by I-P-
t yrosine to the same extent of those in o-roup 0. 
Twenty-four hours after irradiation there wa a 
general reduction in uptake. 
The addition of puromycin (100 J.Lg/ ml) to the 
culture medium 30 minute before H3-leucine or 
H3-tyro ine treatment completely inhibited the 
incorporation of H3-leucine by cell in all groups 
(Fig. 7); however, in the pigmented cell groups 
(I, II, and III) uptake of H3-tyrosine was not 
completely inhibited (Fig. 9). The grain counts 
showed a definite difference between pigmented 
and nonpigmented cells (Fig. 5, Table IV), and 
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FIGS. 6-9. Autoradiograpbs of pigment cells. X 1500 
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FIG. 10. Autoradiograph of a pigmented cell labeled with H
3
-tyrosine for 1 hr. with puromycin. Mela-
nin granules are localized in the periphery of the cell and the peri
nuclear zone is devoid of melanin 
granules. Note only a few grains in t his cell. See Figure 9 for compa
rison. 
the group III cells were labeled most heavily. 
The di tribution of melanin granules in the 
pigmented cell could be divided into peripheral 
and diffuse type . In cells showing peripheral 
distribution of pigment, the perinuclear zone was 
clear and free of melanin granule . When grain 
counts were made separately in group II cell 
with peripheral (II P) and diffu. e (II D) distribu-
tion of melanin granules, II D cell had four time 
a many grains as did II P (Figs. 5, 10, Table IV). 
Twenty-four hour after UV irrad iation, the 
uptake of H 3-tyro ine in the presence of puro-
mycin decreased in all groups. When trypsin of 
pronase digestion wa used to dige t away 
proteins in the cells, melanin granule remained 
unchano·ed and helped to outline the cells which 
were not stained by hematoxylin and eo. in. 
After digestion the IP-leucine-treated cells had 
only a few oTains (Fig. 11), wherea the H3-
tyrosine-treated one. retained a con. iderable 
number of grains in the pigmented cell . Accord-
ing to eli tribution and den ity of grains, these 
H 3-tyrosine-treated and dige:sted cells cor-
responded to cells treated with H3-tyrosine in 
the pre ence of puromycin (Fig. 12). 
DISCUSSION 
vVith the exception of cell in group III, pig-
mented cell. ynthesize DNA to the same extent 
a their nonpigmented counterpart . Thi obser-
vation indicate · that the former are just as capa-
ble of active proliferation as the nonpigmented 
cells. Generally a non-pigmented cell divide to 
form t"·o nonpigmented daughter cells, whereas a 
pigmented cell of group I or II divides to form 
two pigmented daughter cell. (10). Under cer-
tain condition·, however, a nonpio·mented cell 
can develop into a pigmented one (11) or vice 
versa . The heavily pigmented cells classified as 
group III normally do not divide, are low in 
DNA, RNA, and protein synthe i . Thee are 
con idered to be inactive celb. 
In an earlier paper we have . hown that melanin 
granules protect 0ell. against the damaging 
FIG. 6. Pigment cells labeled with H 3-leucine for 1 hr. Grains are dif
fusely distributed in pigmented 
and nonpigmented cells. . . 
. 
.. 
FIG . 7. Pigment cells labeled with IP-leuci~e w1th puromycm !'Ldded 30 mm . b
efore the add1t~on. of 
H 3-leucine. The uptake of H 3-leucine by both pigmented and nonpigm
ented cells was completely mhib-
ited. 
FIG. 8. Pigmented cells labeled with H 3-tyrosine for 1 hr. Grains are
 diffusely distributed in both 
pigmented and nonpigmented cells. . 
. 
. 
. 
FIG. 9. Pigment cells labeled with H3-tyrosine for 1 hr. w1th puromycm
. IncorporatiOn of H 3-tyrosme 
is shown in the pigmented cells with diffuse distribution of melanin. (Melanin granules
 in the perinuclear 
zone are out of focus.) Nonpigmented cells are not labeled. 
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effect of UVL (8). The present study gives 
additional proof. RNA synthesis was inhibited in 
all groups of cells after UV irradiation. Eight 
hours after UV irradiation, group III cells showed 
increase of uridine uptake (12.2 in contrast to 
10.7 at 1 hour after UVL). Even though the grain 
counts in groups I and II cells at 1 hour and 8 
hours after UVL showed little difference, sta-
tistically significant differences were noted at 8 
hours after UVL between groups 0 and I (0.005 
> p > 0.001), and group 0 and II (0.01 > p > 
0.005). These data suggest early recovery from 
the inhibition of RNA synthesis in pigmented 
cells. The inhibition of protein synthesis was 
FIG. 11. Digestion of the pigment cells labeled 
with H 3-leucine. Only a few grains, not much 
more than the background, are left. 
significantly higher in the nonpigmented group 
0 cells, whereas the protein synthesis was less 
affected in groups I, II, and III cells. The results 
in Table II indicate that the grains decreased 
after UV irradiation (1) 41.6% for group 0 cells, 
(2) 24.6% for group I cells, (3) 18.6% for group 
II cells, and (4) 16.1 % for group III cells. The 
presence of melanin in the cells appears to have 
prevented the inhibition of protein synthesis by 
UVL and the degree of protection is in direct 
proportion to the -amount of melanin granules in 
the cells. 
The uptakes of H3-leucine and H3-tyrosine 
do not always run parallel in all cells. Leucine 
incorporation tends to decrease when the cells 
change from less pigmented (I) to more pig-
mented groups (II), whereas tyrosine increased 
with increasing pigmentation. This increased 
utilization of H3-tyrosine in pigmented cells is 
probably related to melanin synthesis. 
When puromycin, a specific inhibitor of protein 
synthesis in bacteria (12) and in mammalian 
cells (13), was introduced into the culture sys-
tem, the incorporation of I-P-leucine by both 
pigmented and nonpigmented cells and the 
incorporation of H3-tyrosine by the non-pig-
mented cells were completely suppressed. The 
pigmented cells, however, incorporated H3-
tyrosine in the presence of puromycin. Tyrosine 
incorporation was particularly high in group III 
cells, which showed minimal amounts of DNA, 
RNA, and protein synthesis. These may repre-
sent the nonproliferating cells that are specialized 
in melanin production. 
FIG. 12. Digestion of the pigment cells labeled with H 3-tyrosine in the presence of puromycin. There 
is no decrea e in the number of grains as compared to the specimen not subjected to digestion. 
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Trypsin or pronase-digestion completely re-
moved the H3-leucine labeling in both pigmented 
and nonpigmented cells and H3-tyrosine in the 
nonpigmented cells. After such treatment, how-
ever, a part of H3-tyrosine still remained in the 
pigmented cells. Similarly, digestion treatments 
did not affect the labeling of the pigmented cells 
treated with H3-tyrosine and puromycin. It 
seem , therefore, that puromycin inhibits general 
protein synthesis but does not directly interfere 
with melanin formation. These pigment cells in 
which melanin granules were localized peripher-
ally did . not incorporate tyrosine in the presence 
of puromycin. In contrast, the incorporation of 
tyrosine into those cells with diffusely distributed 
melanin granules was not completely inhibited 
by puromycin. This observation indicates that 
not all cells with pigment synthesize melanin at 
the same rate at all times in the life cycle, and 
that cells with melanin granules at their periphery 
are in a resting stage insofar as melanin synthesis 
is concerned. 
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